Introduction
X-linked agammaglobulinemia (XLA) is a rare inherited disease associated with mutation in the Btk gene located on the long arm of the X chromosome and coding for Bruton tyrosine kinase. This protein is strongly involved in intramedullary differentiation of B lymphocytes, the arrest of which leads to significantly diminished antibody production [1] [2] [3] [4] . The most frequent manifestations of XLA are recurrent or prolonged respiratory tract infections (RTI). Patients are highly susceptible to infections of lungs, bronchi, sinuses, and ears with encapsulated bacteria (Streptococcus pneumoniae, Haemophilus influenzae), complicated by chronic lung disease (mostly bronchiectases) and chronic rhinosinusitis (CRS). Also Giardia and enterovirus infection of the gut are reported as common. In contrast to other primary antibody deficiencies such as common variable immunodeficiency (CVID), XLA is less often associated with a variety of autoimmune conditions, probably because of the normal cell-mediated immune response [4] [5] [6] [7] .
The aim of the study was to evaluate the occurrence of gastrointestinal disorders, including inflammatory bowel disease, in comparison with respiratory tract infections in children with XLA under the care of one center.
Material and methods
One thousand five hundred sixty-three cases of primary immunodeficiencies (PID) were diagnosed in the Department of Immunology, the Children's Memorial Health Institute in Warsaw between 1980 and 2014. Among them 66 patients met definitive, possible or probable criteria of Bruton's agammaglobulinemia (www.esid.org). Retrospective analysis of medical charts of 44 selected boys with a definitive diagnosis of XLA, including demographic, clinical and laboratory data, was undertaken. All patients were seen routinely every 1-4 months with general and immunological assessment (i.e. ESR, hematology, biochemistry, CRP, immunoglobulin level, and as needed: immunophenotyping of lymphocytes, functional lymphocyte tests). Due to current problems, additional investigations were recommended, i.e. computed tomography (CT) scan, bacteriological swabs, cultures, spirometry. Molecular analyses of the Btk gene were performed courtesy of the J.J. van Dongen group, Erasmus MC, Rotterdam.
Due to the observational nature of the study, statistic analysis was not applicable.
Results
Sixty-six boys out of 1563 PID patients diagnosed in the Department of Immunology met ESID definitive, probable or possible criteria of XLA. In 44 of them XLA was established definitively (www.esid.org). Demographic and basic immunological laboratory data at diagnosis are shown in Table I . Patients presented very low levels of all three main immunoglobulin isotypes at diagnosis with the mean level of IgG = 1.33 g/l (range: 0-4.0 g/l), IgA = 0.18 g/l (range: 0-1.34 g/l) and IgM = 0.23 g/l (range: 0-1.23 g/l). The total number of B cells was decreased and varied between 0 and 391 cells/μl, with a mean value of 24.8 cells/ μl and 0.65%. Numbers and percentage of CD3+ cells, as well as CD4+ and CD8+ cells, were within the normal range for age (data not shown in this article). First symptoms of the disease occurred at a mean age of 13 months (range: 1 month -7 years). Before the diagnosis lower respiratory tract infections were of the highest frequency: 73% of patients suffered from bronchitis, over half of them from pneumonia (Table II) . Replacement therapy was introduced at the age of 3 years and 9 months on average. The immunoglobulin treatment included intravenous infusions with a standard dose of 0.4-0.6 g/kg every 3 or 4 weeks, modified according to clinical results. Within the next years in some patients the route of immunoglobulin administration was changed from intravenous to subcutaneous (with one quarter of the monthly dose once a week). After the introduction of immunoglobulin replacement therapy, particularly subcutaneously, LRTI were seen less frequently (data published earlier) [8] . Chronic lung disease (CLD), mostly bronchiectases, was present in 12 boys. Seven of them developed CLD before diagnosis, while 5 did so during immunoglobulin therapy. Upper respiratory tract infections (URTI) were reported in 43% of the analyzed group. Otitis and sinusitis were counted separately, and every fourth boy suffered from otitis. Sinusitis was reported in 15 (34%) individuals, chronic rhinosinusitis in 7. In the majority of cases, S. pneumoniae and H. influenzae were isolated from the nose, throat, or sputum. Other clinical manifestations, mostly of an infectious origin, such as meningitis, skin infections and abscesses, were observed less commonly. Six boys had a history of sepsis before the diagnosis and immunoglobulin treatment. In 2 of them pneumococcal origin was documented in the medical records. Another one experienced two episodes of meningitis and sepsis in a short time -the first one caused by Neisseria meningitidis and after 3 months S. pneumoniae. Gastrointestinal symptoms were observed in 28 (63.6%) boys, forming the second largest group of symptoms. Diarrhea was the most common reason for visits to the doctor in 26 patients (Table III) . The vast majority of patients (21 of 26) experienced recurrent episodes of diarrhea before the diagnosis of XLA. Problems were resolved when intravenous immunoglobulin (IVIg) therapy was introduced. Sporadic cases of acute diarrhea were reported in 5 patients. Most patients suffered from diarrhea of unknown origin. Surprisingly, only 1 boy had established G. lamblia infection. In individual patients viruses as well as Escherichia coli and S. typhimurium were identified.
Two boys had single but prolonged episodes of diarrhea due to Campylobacter jejuni which occurred after recognition of XLA and on immunoglobulin therapy. One boy was on intravenous immunoglobulin therapy, while the second one was on subcutaneous, with satisfactory IgG trough levels. Both of them were successfully treated with antibiotics. The first one reported abdominal pain and weight loss at the same time, which disappeared after treatment. The second one had an episode of norovirus diarrhea before diagnosis of XLA and several episodes of vomiting and diarrhea after, with negative additional tests including stool examination (culture, parasites, etc.). The suspicion of lactose intolerance was aroused when improvement on a lactose-free diet was observed.
Eight boys suffered from abdominal pain and 5 from weight loss. Both symptoms were observed in 3 individuals, including 1 boy with C. jejuni diarrhea and a good outcome following antibiotic therapy. Another boy, in addition to abdominal pain and weight loss, presented recurrent pneumonia and bronchitis, complicated by bronchiectases (before diagnosis and immunoglobulin treatment). Several additional tests and consultations (endocrine, hematologic, bacteriologic, etc.) to explain short stature and low weight, as well as anemia, were undertaken without definitive diagnosis. Finally panenodoscopic evaluation revealed no macroscopic changes and only chronic active local enteritis and gastritis (cecum, rectum, antrum) of low intensity with no indication to treat it. Three other boys underwent endoscopic diagnostics (either gastroscopy or colonoscopy or both) due to abdominal pain in 2 individuals, and abdominal pain together with weight loss in the other one. In the first 2 boys neither macroscopic nor histological signs of any pathology was found. The third, with late diagnosis of XLA (aged approximately 7 years), was found to have IBD. As a teenager he had abdominal pain without diarrhea, weight loss (below 3 rd percentile), chronic anemia, elevated inflammation markers, low IgG trough levels and no diarrhea. Concomitant intestinal (Salmonella, Shigella, Campylobacter, Clostridium, ova, cysts, and parasites) and other infections were excluded. The attempt to increase the dose and change the route of immunoglobulin administration failed. Colonoscopy showed ulcerations and aphthae in the terminal ileum with histological signs of chronic inflammation of the large bowel (transverse and sigmoid colon) of mild to moderate activity together with crypt microabscesses in the sigmoid colon (Figure 1) .
A very similar clinical course was observed in a teenager with agammaglobulinemia with an unknown gene defect, positive family history, and very low immunoglobulin levels and B cell numbers at diagnosis, in whom a mutation in the BTK gene was not found. The only difference was previous C. jejuni infection and chronic diarrhea. Both patients were treated with sulphasalazine alone or together with corticosteroids at diagnosis. However, following exacerbations the therapy had to be modified, and azathioprine was added, with a good response. No need for biological treatment or surgery was observed.
Discussion
A wide spectrum of infectious and non-infectious manifestations is described in patients with primary antibody deficiencies (PAD). Regardless of the type of immunodeficiency, recurrent airway, ear, nose and throat (ENT) infections are the most frequently occurring symptoms [2, 9] . Antibody-deficient patients, especially agammaglobulinemic and CVID, have an increased risk of developing blood-borne bacterial infections, particularly prior to the diagnosis and institution of adequate therapy with gamma globulin [10, 11] .
The PAD patients frequently suffer from gastrointestinal complications, with chronic or recurrent diarrhea sometimes accompanied by malabsorption and weight loss. In CVID, the differential diagnosis for gastrointestinal complaints is broad, with a high prevalence of noninfectious complications including nodular lymphoid hyperplasia, inflammatory bowel disease, atrophic gastritis, sprue-like illness with villous atrophy, and intestinal lymphangiectasia [10, 12] .
Unlike in CVID, gastrointestinal disorders are relatively infrequently described in the XLA group, and their occurrence is not well known [2, 9, 13, 14] . The reported incidence of infectious diarrhea for patients with CVID and XLA varies from 5% to approximately 30% [12] . Giardia lamblia is the most frequently identified pathogen in the stool of symptomatic patients.
Our observations seem to confirm the dominance of respiratory infections as a leading symptom among XLA individuals. In the analyzed group 73% of patients suffered from recurrent bronchitis and 59% from pneumonia. During immunoglobulin therapy the occurrence of LRTI was diminished [8] . Ear and sinus infections were observed in 41% and 34% of patients respectively. As many as 12 (27%) patients had chronic lung disease, mostly bronchiectases. Seven of them developed it before diagnosis and immunoglobulin treatment, while 5 did so during therapy. CRS was observed in 7 (15.9%) boys. In 3 of them it occurred on immunoglobulin therapy. Plebani [2] reported even much higher occurrence of CLD (24 of 73) and CRS (35 of 73) in an Italian group, indicating the risk of both complications during replacement immunoglobulin therapy. According to other reports, the incidence of ENT and airway infections in XLA patients is comparable [11, 12] . Immunoglobulin replacement therapy significantly reduced the incidence of pneumonia, bronchitis and otitis [2, 15, 16] . Some data showed that IVIg was not protective enough in sinusitis and CLD in patients with CVID and XLA [2, 16] . As also observed in our pa- tients previously [8] , after introduction of immunoglobulin replacement therapy, LRTI were seen less frequently. However, bronchiectases and sinusitis were recognized during the follow-up, regardless of immunoglobulin treatment.
Gastrointestinal disorders constitute a clinically important group of symptoms in PAD patients. About 10% of hypogammaglobulinemic patients suffer from unexplained severe diarrhea, abdominal pain, or wasting. In many patients with primary hypogammaglobulinemia diarrhea caused by G. lamblia, Campylobacter, Salmonella, or other microorganisms are reported. GI disorders appear to be less frequent in XLA compared to CVID and other antibody deficiencies [9, [17] [18] [19] [20] [21] . The most common gastrointestinal symptom reported in XLA patients is chronic diarrhea, frequently related to G. lamblia, Salmonella, or Campylobacter, likely secondary to bacterial overgrowth and lack of antibody, with self-limitation when intravenous immunoglobulin therapy is introduced [22, 23] .
In our group of Bruton's agammaglobulinemic patients the occurrence of gastrointestinal problems was high (63.6%), mostly represented by chronic diarrhea (26 of 44 patients). The etiology in the majority of them remained unknown. In accordance with the findings of others, diarrhea was generally observed before diagnosis and before immunoglobulin replacement therapy was started. The majority of patients had the diarrhea controlled by immunoglobulins, and the problems disappeared on regular infusions. Surprisingly in view other observations, only in one boy was G. lamblia infection reported.
Among patients with primary antibody deficiency, especially those with CVID, inflammatory bowel disease and Crohn's disease are reported quite frequently [17, 24, 25] . Yet only incidental reports on Crohn's disease or Crohn's-like lesions in XLA patients can be found [7, 9] . Ament [26] reported 9 out of 39 patients with either XLA and CVID with colitis. In another study, Teahon et al. [27] presented 2 XLA and 10 CVID patients with mostly diarrhea not associated with known microbial pathogens, in whom intestinal inflammation unlike that found in classic IBD was observed. In 1 patient XLA treatment with an elemental diet was successful, while in the other jejunum resection was performed, revealing non-specific transmural inflammation. Cellier et al. [7] reported regional enteritis associated with enterovirus in an XLA patient, and rare incidence of chronic intestinal inflammation mimicking Crohn's disease in XLA patients. However it should be noted that in some large studies no evidence of inflammatory bowel disease (IBD) among agammaglobulinemic patients was reported, while gastrointestinal disorders were diagnosed in about 13% of patients [2, 19] . Some authors indicate that IBD/Crohn's disease, less common in XLA compared to CVID presumably, may be connected with T-cell dysfunction in the latter, which can cause hypogammaglobulinemia and different autoimmune phenomena, including cytopenia, granulomas and IBD [28] . Of the presented group, diagnosis of IBD was established incidentally, which confirmed the observations of other authors. In contrast to other reports, viral gastrointestinal infections within our patients were reported incidentally [3] . Only sporadic rotavirus or norovirus was identified in the analyzed group.
In conclusion, respiratory tract infections were the most common symptoms among the group of patients with XLA. Gastrointestinal disorders were one of the main manifestations of XLA, reported almost as often as LRTI. The most common GI symptom was diarrhea, which usually resolved after immunoglobulin therapy was started. Infections caused by G. lamblia were reported occasionally. Inflammatory bowel disease was diagnosed quite exceptionally, which presumably may be connected with normal T cell immunity.
